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A LOCAL NETWORK IN A VEHICLE 

BACKGROUND OF THE INVENTION 

This invention relates generally to local networks in a vehicle and, more particularly, to 
efficiently transmitting data over a local network in a vehicle with several network subscribers 
distributed over the vehicle. 

The implementation of a local network in a vehicle is well known. One conventional 
approach to using a local network in a vehicle is disclosed in German Patent Specification DE 
195 03 213 CI. Typically, such local networks have several network nodes, referred to herein as 
subscribers. Some of the subscribers generate audio data, video data, and control data, and 
transmit the data over the network. Such subscribers are referred to herein as data sources. 
Other subscribers on the network receive data from the network and reproduce the data. Such 
data reproduction can be, for example, an acoustic or visual reproduction. These subscribers are 
referred to herein as data sinks. 

Such conventional vehicle-hosted local networks have various equipment that serve as 
data sources. Examples of such equipment include, for example, a car radio, CD player, video 
recorder, TV tuner, etc. Such devices conduct their data uncompressed to appropriate data sinks 
via a data line of the network. The data sinks can be, for example, an audio amplifier to which 
several loudspeakers are connected, or a display screen which displays an uncompressed BAS 
video signal. Typically, the video and audio data are transmitted separately and concurrently. 
For example, a TV tuner data source transmits audio, video and control data over the local 
network. The video data are transmitted to a screen, in the manner described above, as 
uncompressed FBAS video signals. In parallel to this, the audio data are transmitted to an audio 
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amplifier as uncompressed audio data and are reproduced as acoustic signals. Typically, the 
audio and video data are transmitted in a format that prescribes a clocked sequence of individual 
bit groups of the same length. In these bit groups, specific bit positions for transmission fi"om the 
data source to the data sink are prescribed for the audio and video data, together referred to as 
real-time-relevant source data. Real-time-relevant source data are not accessible to an 
interruption of the data flow. Specific bit positions are also prescribed for the control data, if 
present. The bit positions for the source data are collected together in several connected partial 
picture groups, by means of which the specific audio and video data of a data source are 
transmitted in parallel to an associated data sink. This transmission is organized by control data 
that are transmitted in parallel with the audio and video data. The subscribers on such a network 
can input their data into the network or take their data fi-om it independently of one another and 
sometimes simultaneously. Such a network can accommodate only a few subscribers, since the 
transmission capacity of the network over the data line is limited. 

What is needed, therefore, is a local network for use in a vehicle that substantially utilizes 
the maximum transmission capacity while maintaining the quality of data display in the data 
sinks. 

SUMMARY OF THE INVENTION 

Briefly, according to an aspect of the invention, a vehicle-hosted local network is 
disclosed. The network includes a subscriber data source that transmits in parallel audio data and 
compressed video data to respective subscriber data sinks on the network. 

In another aspect of the invention, a method for pre-processing a compressed signal 
generated by equipment for transmitting audio and video data over a local network implemented 
in a vehicle is disclosed. The method includes separating compressed audio and compressed 
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video data contained in the compressed signal, and parallel processing the compressed audio data 
and the compressed video data such that time differences in the reproduction of correlated audio 
data and video data are minimized. 

In a further aspect of the invention, a local network in a vehicle with several subscribers 
distributed over the vehicle is disclosed. The subscribers form data sources and data sinks which 
are connected with one another by a data line to transmit audio, video and control data. The 
audio, video, and control data are transmitted in a format which prescribes a clocked sequence of 
individual bit groups of the same length, in which certain bit positions are provided respectively 
for the audio, video, and control data. The bit positions for the audio or video data respectively 
are collected together in several connected component bit groups, and the data assigned to these 
component bit groups are assigned by transmitted control signals to a certain data source or data 
sink. Included in the network is a data source for compressed audio and video that includes a 
demultiplexer to separate the compressed audio and compressed video data contained in one 
compressed signal, a bit stream decoder to decode the compressed audio data, an audio buffer for 
intermediately storing the separated audio data, a bit rate converter to recode the compressed 
video data, a video buffer for intermediately storing the separated video data, a bus interface that 
inserts the delayed, decoded audio data and the delayed, recoded video data from the data source 
into their intended component bit groups, and a control unit that is connected to the audio buffer 
and the video buffer, and which specifies and controls the adjustable intermediate storage time of 
the buffers. 

These and other objects, features and advantages of the present invention will become 
apparent in light of the following detailed description of preferred embodiments thereof, as 
illustrated in the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWING 

The sole FIGURE is a block diagram of a subscriber data source for transmitting over a 
local network implemented in a vehicle in accordance with one embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention is directed to a local network for use in a vehicle that includes a 
subscriber data source that transmits compressed audio and video data. The subscriber data 
source includes equipment that generates a compressed source signal that includes audio, video 
and, possibly, other types of data. In addition, the subscriber data source includes a circuit that 
pre-processes separately and in parallel the compressed data components (audio, video, other) in 
the compressed source signal. The circuit has a demultiplexer that separates the compressed 
audio and compressed video data contained in the compressed source signal. The separated 
compressed audio and video data are processed separately. The compressed audio data are 
conducted to a bit stream decoder for decoding. The bit stream decoder converts the audio data 
into an uncompressed format such as for example a PCM format. An audio buffer for the 
intermediate storage of the separated audio data is associated with the bit stream decoder. The 
intermediate storage time of this audio buffer can be varied by appropriate control instructions. 
The compressed video data, separated previously from the audio data by the demultiplexer, are 
conducted for recoding to a bit rate converter, which accomplishes a data reduction of the video 
data. The scope of this reduction is performed in accordance with the resolution and size of the 
display in the data sink. In this way, it becomes possible that the extent of the compressed video 
data that is transmitted across the network is markedly reduced. Since the extent of reduction is 
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based on the requirements of the data sink, the display quality of the video data is not adversely 
affected. A video buffer, whose intermediate storage time can be adjusted by a control 
instruction, is associated with this bit rate converter. 

The intermediately stored, decoded audio data and the intermediately stored, recoded 
video data are conducted to a bus interface, which combines the data into component picture 
groups for parallel transmission over the local network to their respective data sink. The 
intermediate storage time of the buffers is controlled by a control unit in the pre-processing 
circuit in such a way that time differences in the reproduction of the correlated audio data and 
video data are reduced and, preferably, completely eliminated. Such time differences can occur, 
for example, due to a different length of time required to complete the processing operations 
performed in the bit stream decoder and in the bit rate converter. It is thus assured that the 
correct sound for a picture is transmitted at the proper time relative to the display. It thus 
becomes possible to improve the quality of the data transmitted from the data source for both the 
audio and video data in a mutually coordinated manner. 

The specific design of the transmission of the data-reduced, compressed video data and 
the uncompressed audio data over the data line additionally achieves an advantageous 
compromise between the requirements of economy of the local network and its optimized 
transmission capacity. According to an aspect of the invention, the audio data are transmitted in 
an uncompressed form, thus providing an economical design for the data sink for audio data. 
However, in view of the very extensive quantities of video data, even in spite of data reduction, 
compressed transmission is chosen. As a result, the data sink for video data must be equipped 
with a corresponding decoder module. However, in view of the improved utilization of the data 
transmission capacity, this is compensated by the transmission of the compressed, reduced video 
signal. 
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In addition to the compressed audio data and video data, the data source equipment can 
also receive other compressed data or take such data from a data medium, such as, for example, a 
DVD (digital versatile disc) player. Such a DVD player can read, in its playback unit, the 
compressed signals stored on a DVD disc, and by a demultiplexer can divide these data into the 
components of compressed audio data, compressed video data, and compressed "other" data, and 
can conduct these to specific, separate processing units. In the manner described, the compressed 
audio data and the compressed video data are put into intermediate storage and are decoded or 
recoded respectively, while the other compressed data are conducted to a second bit rate 
converter for recoding, and furthermore these data are conducted along the data path to a data 
buffer for intermediate storage of these separated data. After the various types of data have been 
separately processed, they are all conducted to a bus interface, which inserts the various data into 
appropriate, separate component picture groups for transmission, via the data line, to their 
respective data sink. The data buffer is controlled by the control unit in correspondence with the 
audio buffer and the video buffer, and the variable intermediate storage time is thus specified. 
By specifying the intermediate storage time of the respective buffers, the time differences in the 
display of the data, which have resulted for the compressed audio, video, and other data along 
their path from the antenna or from the storage medium or from a feed line from the data source 
are at least partly compensated. Typical examples of other compressed data are information 
regarding the so-called subpictures, as these are known from the DVD. Through this triple 
division of the compressed signals, it is assured that all the various data are delayed in their time 
progress specifically and differently, for example in accordance with the respective processing 
time, so that the audio data, video data, and other data are displayed as simultaneously as 
possible, for example as subpictures in the individual data sinks. 
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It has proven advantageous to situate the buffers directly before the interface, that is after 
the bit rate converter or decoder. This assures that all time differences generated before the 
intermediate storage, especially the time differences formed in the decoder and the bit rate 
converters are at least partly compensated before the data are inserted into the component picture 
groups through the bus interface. This control is designed as a type of forward control, resulting 
in a very simple, secure, and economical controlled structure. 

In addition, it is also possible to situate the buffers directly behind the demultiplexer and 
before the respectively associated bit stream decoder or bit rate converter. This assures that the 
various data can be transmitted completely or largely time-corrected already while the 
compressed data are further processed in the bit rate converter or the audio decoder. This design 
proves to be especially advantageous if the control unit controls not only the buffers but also the 
bit rate converters and the audio decoder in such a way that these are enabled to perform a 
possibly needed slight compensation of existing time differences. Such a compensation can be 
effected, for example in the case of data from a DVD player, by means of the so-called time 
stamps associated with the data. 

According to a preferred embodiment of the invention, analytical units are situated in the 
pre-processing paths for the audio data, the video data, and the other data. These units provide 
the respective present relative delays resulting from the different processing or modification of 
the data in their individual paths, and interacting with the control unit the delay times in the 
individual buffers or in the bit rate converters or the bit stream decoders are set in accordance 
with the presently observed conditions. This makes it possible to react specifically to the most 
various situations. For example, if no sound or only a stationary picture or only simple numeric 
characters are being transmitted, the data quantities to be processed and transmitted change, so 
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that different processing times for one and the same data type can occur. These changes are 
taken into account through the present design of the invention. 

It has proven especially advantageous to design the network with an optical data line. 
With this design, the maximum data quantity that can be transmitted by the network is nearly 
independent of the theoretically maximum transmission capacity of the data line, since this 
capacity typically cannot be exhausted by a local network for an automotive application. 
Consequently, the limited data transmission capacity of the data line need not be taken into 
account. 

The bit rate converter for the compressed video data preferably is connected to the control 
unit, and can be controlled in such a way that the scope of data reduction during the bit rate 
conversion can be adjusted based on the quantity of data that can be displayed by the data sink. 

As the scope of data reduction varies, the processing time for the bit rate converter to 
perform the operations also varies. Depending on the resolution and/or the size of the display in 
the data sink and, thus, the display capabilities of the display, the required delay time of the 
individual data types is chosen accordingly. The transmission of the relevant information about 
the display in the data sink to the control unit via the local network data line enables the control 
unit to control the bit rate converter for the video data and/or the corresponding delay elements in 
such a way that the various data are displayed without significant time discrepancy. 

According to one embodiment of the invention, at least one data sink for the data 
transmitted fi*om the data source via the data line is equipped with a buffer for intermediate 
storage of the received data. The intermediate storage time of this buffer depends on a control 
signal that is transmitted fi"om the data source via the local network data line. Thus, the time 
progress of the data can be corrected not only in the data source but also in the data sink. In this 
way, it is possible to correct systematic delays for data associated with a particular data sink by 
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means of a buffer situated in this data sink. A correction in the data source or in another data 
sink is thus not necessary. Accordingly, systematic differences in the data sources can be 
corrected by such a buffer in the respective data sink. 

A block diagram of an embodiment of the inventive data source is illustrated in the 
FIGURE. A local network has a plurality of subscribers connected to each other over an optical 
data line 1 to form a ring network. Each subscriber has a bus interface 2 with two connections to 
the optical data line 1 . The subscriber illustrated in the FIGURE represents a data source, and is 
referred to herein as the subscriber data source 100. The subscriber data source 100 includes, in 
this exemplary embodiment, a DVD drive 3 that generates a compressed source signal on a line 
22. The compressed signal on the line 22 includes a combination of audio data, video data, and 
other data stored on a DVD disc. The compressed audio, video and other data components are 
processed separately and provided to the bus interface 2 for transmission to the appropriate data 
sinks connected to the optical data line 1 that are associated with the subscriber data source 1 00. 
The compressed audio, video, and other data, which have been read out from the DVD drive 3, 
are presented as the compressed source signal on the line 22. These components of the 
compressed source signal are separated out of the compressed source signal in a demultiplexer 4 
that is part of a pre-processing circuit 20. Each type of data is conducted to a specific processing 
path in the circuit 20 for separate, coordinated processing. 

The compressed video data on a line 15, separated off by the demultiplexer 4, are 
conducted to a well-known analytical unit 5A configured to analyze video data as a multiple 
video packet-sized elementary stream. The analytical unit 5A analyzes the extent and type of 
compressed video data on the line 1 5 to be processed, and conducts the result of this analysis to a 
control unit 6. As one of ordinary skill in the art would find apparent, the compressed video data 
are not changed by the analytical unit 5A. Once analyzed, the compressed video data are 
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conducted to a bit rate converter 10 that recodes the compressed video data from the source of 
the compressed signal, here, the DVD disc 3. In one application, the compressed video data are 
formatted in the bit rate converter 10 in accordance with the MPEG-2 video standard and have 
variable bit rates up to 10 megabit/s. During the recoding, a data reduction occurs, which is 
guided in accordance with the properties of the data sink and, in particular, to the size and 
resolution of the display in the data sink. The information regarding the size and resolution is 
conducted to a control unit 6 via a control line 13, and is converted into appropriate control 
instructions to control the bit rate converter 10. Since the MPEG-2 video data are designed for 
display on a large high-resolution screen, and since such high-resolution large screens find no 
application in a vehicle, the data reduction described above can discard the majority of the 
compressed video data by as much as 75%, with the remaining video data being transmitted to 
the appropriate data sink. It should be noted that this reduction in video data does not noticeably 
affect the display of the video data in the data sink. The recoded, data-reduced, compressed 
video data are then conducted to a video buffer 7 as packet-sized elementary streams. Under the 
control of the control unit 6, the video buffer 7 can change the intermediate storage time and thus 
the delay time. The delayed video data are then conducted to the bus interface 2. The bus 
interface 2 writes the video data into appropriate component picture groups for transmission to a 
corresponding data sink. 

The pre-processing circuitry 20 processes compressed audio data in a manner similar to 
the compressed video data discussed above. The compressed audio data are conducted on a line 
16 from the demultiplexer 4 to a corresponding audio data path in the circuit 20, which is 
constructed separately from the compressed video data path. The compressed audio data, like the 
video data, are conducted to an analytical unit 5B, which investigates the extent and type of the 
audio data. The analytical unit 5B conducts the result of its analysis operations by the control 
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unit 6. The unchanged, compressed audio data, which are present in a DVD disk 3, for example 
in accordance with the Dolby digital compression process, are decoded by a bit stream decoder 
11. The bit stream decoder 1 1 is preferably constructed as a Dolby digital decoder, and converts 
the compressed audio signals into uncompressed PCM signals, which make possible Surround 
Sound (5 + 1 channels). The uncompressed audio data are then conducted to an audio buffer 8. 
The audio buffer 8 is connected to and can be controlled by the control unit 6 in such a way that 
the intermediate storage time, and thus the delay time, of the uncompressed audio data can be 
changed. 

In corresponding fashion, the compressed "other" data, which were previously separated 
by the demultiplexer 4 from the other data components in the compressed source signal on the 
line 22 are assigned to a data line 18 that is part of a data path that is separate from the video and 
audio data paths through the circuit 20. This data path correspondingly has an analytical unit 5C, 
another bit rate converter 12, and a data buffer 9. The components of the "other" data path have 
the corresponding functionalities as the components of the video and audio data paths. 

From the three analytical units 5A-5C, the control unit 6 obtains information regarding 
the expected relative time delays resulting from the different processing times in the individual 
data paths. Based on this information, the respective delay times of the individual buffers 7, 8, 9 
are chosen. Also, the bit rate converter 10 for the compressed video data and the Dolby digital 
decoder 11 for the compressed audio data, as well as the other bit rate converter 12 for the 
compressed other data, are driven by the control unit 6 in such a way that their processing occurs 
slightly later or earlier. A time correction is also performed by the time stamps contained in the 
compressed data. The time stamps themselves can also be read out from the bit stream, changed, 
and can again be inserted into the bit stream for a subsequent correction. 
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This inventive separation of the various data components and their concurrent yet specific 
processing, including the specific delay times dependent thereon, more closely harmonize the 
mutually correlated data. These are then transmitted via the bus interface 2 to the data line 1, and 
to the respective data sinks, that is other subscribers of the network, which are accommodated 
separately fi^om the data source at another place in the vehicle. The inventive design with the 
correction of the time differences due to the different processing times of the various data types 
succeeds in displaying the correlated data largely or completely synchronously. This ensures that 
a tone reproduced by a sound system matches a picture reproduced on a display in the motor 
vehicle. This raises the level of the visual and acoustic reproduction quality of the local network 
with its subscribers. Furthermore, the transmission capacity of the network is used very 
efficiently, since, depending on the data type, compressed, data-reduced transmission forms and 
uncompressed data forms are transmitted simultaneously. 

While various embodiments of the present invention have been described above, it should 
be understood that they have been presented by way of example only, and not limitation. Thus, 
the breadth and scope of the present invention should not be limited by any of the above- 
described exemplary embodiments, but should be defined only in accordance with the following 
claims and their equivalents. 

What is claimed is: 



-26- 



